Computer modeling of three-dimensional structure of DNA-packaging RNA (pRNA) monomer, dimer, and hexamer of Phi29 DNA packaging motor.
A striking common feature in the maturation of all linear double-stranded DNA viruses is that their lengthy genome is translocated with remarkable velocity into the limited space within a preformed protein shell and packaged into near crystalline density. A DNA-translocating motor, powered by ATP hydrolysis, accomplishes this task, which would otherwise be energetically unfavorable. DNA-packaging RNA, pRNA, forms a hexameric complex to serve as a vital component of the DNA translocating motor of bacterial virus Phi29. The sequential action of six pRNA ensures continual function in the DNA translocation process. The Phi29 motor has been assembled with purified components synthesized by chemical or biotechnological approaches and is able to pump the viral DNA into the protein shell in vitro. pRNA dimers are the building blocks of the hexamer. The computer models of the three-dimensional structure of the motor was constructed based on experimental data derived from photoaffinity cross-linking by psoralen, phenphi (cis-Rh(1,10-phenanthroline)(9,10-phenan-threnequinone diimine)Cl(2)(+)), and azidophenacyl; chemical modification and chemical modification interference with dimethyl sulfate, 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluene sulfonate, and kethoxal; complementary modification; and nuclease probing by single- and double-stranded specific RNases. The shapes of these computer models are very similar to the published pRNA images of cryo-atomic force microscopy. pRNA hexamer docking with the connector crystal structure reveals a very impressive match with the available biochemical, genetic, and physical data.